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WHICH WAY FOR 16K? 

The engineers who struggled through the pin-out 
confusion (16, 18 or 22 pin) on the 4K Random 
Access Memories (RAMs) and very adamantly pro- 
tested the lack of pinout standardization among 
manufacturers have gotten their wish with the 16K 
RAMs, almost. 

The 16K RAMs are all in 16-pin packages, have the 
same pinout, areTTL compatible, with multiplexed 
addresses, two clocks, and basic operation like the 
1 6-pin 4K RAMs. There are differences with respect 
to refresh modes and data output operation but 
these variations do not preclude a system design 
which will accept all of the devices. 

A FRESH APPROACH TO REFRESH 

One of the most requested features Intel encounter- 
ed during the market research efforts that led to 
the 2116 definition was the ability to refresh the 
data cell matrix with only 64 cycles. With this in 
mind, Intel implemented the 2 1 1 6 in such a manner 
that both 64 cycle and 128 cycle refresh modes are 
available and the user has the option as to which 
mode best suits his system needs. Figure 1 shows 
that the 2116 is really two 8K x 1-bit RAMs 
sharing some common circuits. In normal data 
operations (Read r-.rs, etc.) the seventh address 
bit, A6, is decoaen and selects only one 8K half to 
be powered up during any given cycle. 

64-Cycle Mode 

The CAS-before-R - 5 64 cycle refresh mode opera- 
tes by disabling the common I/O circuitry shown 
in Figure la and refreshing one row in both 8K x 
1-bit halves of the 2116. Since there are 64 rows in 
each 8K half and one row in each half is refreshed 
each cycle, only 64 refresh cycles are required. 

1 28-Cycle Modes 

During Read/Refresh and RAS-only refresh cycles, 
only one 8K x 1-bit half of the 2116 is activated 
and one of the 64 rows in the active section is re- 
freshed. Thus 128 cycles are required to refresh the 
128 rows of cells (64 rows in each half of the 
RAM). 

EFFECTS OF REFRESH 

The requirement for refreshing the data stored in 
the cells of a 16K dynamic RAM such as the 2116 
impacts system characteristics in three areas; 
memory available time or throughput, system 
standby power, and the maximum usable page size 
during page mode operation. The 64 cycle refresh 
mode of the 2116 offers improved performance in 
all these areas over the 128 cycle refresh mode. 
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Figure 1. 16K RAM Device Configurations 



Memory Availability 

Assuming a minimum cycle time of 375 nsec, 128 
refresh cycles in 2 msec requires 48 /usee or 2.4% 
of the available memory time. But that's a mini- 
mum. Typical computer memory cycle times run 
closer to 700-900 nsec, so 1 28 cycle refresh typi- 
cally requires 102 jusec or 5.1% of the available 
memory time. 64 cycle refresh requires only 51 
/usee or 2.5% of the available memory time under 
the same conditions of 700-900 nsec cycle time. 
(See Table I). That's higher throughput capability 
and less chance of having to wait for completion 
of a refresh cycle to start a data access. 



Table I. Time Impact Of Refresh 



System 
Refresh Cycle 
Mode Time 


Requirements of Refresh 


Time Spent On 
Refresh During 
Each 2 msec 


Percent Of 
Available Memory 
Time 


64 cycle 


375 nsec 


24 ,usec 


1 .2% 


800 nsec 


51 /Ltsec 


2.6% 


128 cycle 


375 nsec 


48 jusec 


2.4% 


800 nsec 


102 /Ksec 


5.1% 



System Standby Power 

Remember, the 2116 can be refreshed each 2 milli- 
seconds in one of three ways; 128 Read cy cles, 
128 RAS-only cycles, or 64 CAS-before-RAS 
cycles. The standby power (refresh only) for the 
three types of 21 16 refresh cycles is given in Table 
II. 



Table II. Power Considerations For Refresh 



^s. Cycle 
Parameter 


Read/ 
Refresh 


RAS-Only 
Refresh 


CAS-Before- 
RAS Refresh 


Refresh Cycles 


128 j 128 


64 


Po.ver Per 
500 nsec 


j 

44- | 345 mW 


426 mW 


Refresh Power 


3; -~W I 28 mW 


24 mW 



"Wait a minute," yea say! "If you turn on both 
8K x 1-bit halves of ihe 2116 during 64 cycle 
refresh, why is the power per cycle less than during 
a Read/Refresh cycle and why is the average power 
less than with either Read/Refresh or RAS-only 
cycles?" Let's take these questions one at a time! 

The per cycle power with CAS-before-RAS is l ower 
than for the Read/Refresh cycles because the CAS 
clock generator circuits and column decoders do 
not operate during 64 cycle refresh and the common 
I/O circuits are off. The power reduction due to 
these circuits being off more than offsets the 
increase in power dissipation due to both halves of 
the RAM being on. 

The average power is lower with CAS-before-RAS 
refresh cycles because there are only 64 cycles each 
2 milliseconds rather than 128. The 21 16 is, there- 
fore, in standby a larger percentage of time during 
the 2 milli secon d refresh period. Although the 
CAS -befo re-RAS per cycle power is 23% higher than 
the RAS-only per cycle power, the average power 
is 1 4% lower! 



There is one other power related characteristic of 
CAS-before-RAS refresh which must be considered. 
The peak value of the transient currents during a 
CAS-before-RAS refresh cycle is approximately 
20% higher than during the other two refresh 
modes. This is caused by the capacitive charging/ 
discharge currents associated with 128 additional 
sense amplifiers. Care must be taken in the system 
design to decouple the slightly higher transient 
peaks. Work in the Intel Applications Lab has 
shown that the- decoupling and board layout sug- 
gestions included in the 2116 data sheet yield 
acceptable power distribution noise levels with 
any of the allowable refresh modes. 

Refresh-Page Mode Interaction 

Page mode operation with 1 6K RAMs allows 
faster successive memory data operations at the 
128 column locations in a single addressed row. 
Receipt of a RAS and a 7-bit row address byte 
causes the RAM to access the 1 28 data cells c 
the addressed row. 

At access time all 128 data bits are av ailab le at the 
sense amplifier output s as long as RAS is held 
active. By cycling the CAS clock and addressing 
the desired data bit with the 7-bit column address 
byte all 128 data bits may be brought to the data 
output of the device. Data access and cycle time in 
this mode, called page mode, is faster than normal 
data cycles. Page mode is an excellent way to trans- 
fer blocks of data to and from memory at high 
speed, but it is impacted by refreshing. The refresh 
requirements of the devices limit the number of 
consecutive page mode cycles to less than the 128 
available from each row of devices. As an example, 
recall that the 2 millisecond distributed refresh 
mode requires a refresh cycle every 15.5 micro- 
seconds, (for 128 cycle refresh mode) and every 
microseconds (for the 2116 in its 64 cycle refre. 
mode). This means that the devices may remain in 
the page mode for a period no longer than the time 
required between refresh cycles. 

For example, for systems using 128 cycle refresh, 
the maximum time in the page mode is 15.5 ptsec. 
For systems using 64 cycle refresh the time in page 
mode is doubled to 31 ptsec. In practice, this limits 
the number of consecutive page mode cycles to 55 
or less for the designs which use 128 refresh cycles 
and to 1 10 or less for the 2116 in its 64 cycle re- 
fresh mode. The 2116 with its 64 cycle refresh 
mode clearly permits more useful page mode 
operation than would a 16K RAM which requires 
128 refresh cycles. Table III summarizes the 
impact of refresh upon page mode operation. 
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Table III. Refresh Impact Upon Page Mode Operation 



Complete Capatibility 



Refresh Mode 


Time Period 
Between Refresh 
Cycles 


Number of Page 

Mode Cycles 
Possible Between 
Refresh Cycles 


128 Cycle/2msec 
Read, or 
RAS-Only 


15.5 jusec 


55 


64 Cycle/2msec 
2116 CAS/RAS 
mode 


31.0 /usee 


110 



IMPLEMENTATION OF 64/128 CYCLE REFRESH 
MODES 

Provision for 64 cycle refresh was a major factor in 
the selection of the device architecture shown in 
Figure 1 a for the 2116. There are, however, several 
other performance and yield related advantages to 
the 2116 architecture. 

Implementing 64 cycle refresh requires limiting the 
number of data cells per sense amplifier to 64. 
That means 256 sense amplifiers are required 
(16,384 cells + 64 cells/sense amp=256 sense amps). 
12S cycle refresh would force 128 cells per sense 
amplifier and only 2S sense amplifiers. So the 
question boils down to a 256 x 64-bit organization 
versus a 128 x 12i-ji; organization. (See Figure 1). 

256 Sense Amps Means Twice As Much Chip Area 
For Sense Amps 

True, when you double the number of sense amps, 
you double the chip area required for sense amps. 
However, the sense amp area on the 2116 amounts 
to only 12% of the total chip area so reducing the 
number of sense amps to 128 would only reduce 
the chip area by 6% which isn't very significant. 

128 Cells Per Sense Amplifier Means Larger Cells 

Putting 128 storage cells on each sense amplifier 
would require the bit sense lines to be twice as long 
as with 64 cells per sense amp. This means the bit 
sense line capacitance would nearly double. To 
keep the sensed signal level the same, the cell- 
capacitance-to-bit-line-capacitance ratio must 
remain the same. 

With double the bit sense line capacitance, the cell 
capacitance must be doubled and this would 
increase the chip area devoted to the storage cell 
by approximately 25%. 

The cell capacitor could be made larger by less 
than a factor of two, but the signal-to-noise ratio 
of the sensing function would be degraded. It also 
would adversely affect the access time and device 
operating margins and is not a good alternative. 



The 128 cycle refresh mode offered with the 2116 
is 100% compatible with other 1 6K RAMs that 
offer only 128 cycle refresh. That means that the 
2116 fits into sockets designed for 64 cycle refresh 
and into sockets designed for 128 cycle refresh. 
Other RAMs only fit into sockets designed for 128 
cycle refresh., 

TO LATCH OR NOT TO LATCH 

One area of non-compatibility between the an- 
nounced 16K RAMs is the inclusion of an output 
latch on the device. This has given rise to a 
LATCHED/NON-LATCHED device debate. Let's 
examine the issue to understand the system effects 
of the output latch. 

4K Compatibility 

The 1 6-pin 4K RAM, available from a multitude of 
suppliers, established the standard for latched out- 
put, multiplexed address RAMs. All available 
16-pin 4K RAMs have compatible latched outputs. 

Since the 16-pin 16K is virtually identical to the 
1 6-pin 4K in terms of pin-out and timing, it seems 
reasonable to make the interface between the two 
devices as close as possible. The 2116 is fully 
output compatible with all 16-pin 4K RAMs. This 
allows the unprecedented "luxury" to system 
designers of upgrading their system densities by a 
factor of four with only an address strapping 
change on their memory boards. 

Also, no new learning curve is required for the 
system designers since the parts would operate the 
same. Chip select, CS (pin 13), on the 4K was 
actually latched and implemented as an address bit 
just like the 6 column address bits. Pin 13 on the 
16K is address bit A7. 

A number of Intel's 16-pin 4K customers are using 
their 4K RAM boards to evaluate the 2116 with 
pin L3 jumpered to an address driver rather than the 
old CS driver. Even the test procedures can be the 
same. 

Common I/O Operation 

When designing with microprocessors that employ 
bi-directional I/O buses, the ability to connect 
memory devices directly to the bus can be an asset. 
A memory device without an output data latch can 
have it's Data-in and Data-Out pins connected to- 
gether and directly to the I/O bus if the operation 
of the RAM is restricted to simple read and write 
cycles. Let's look at what this means in two separ- 
ate classes of microprocessor systems. 



3 



Single Board Systems 

Small microprocessor systems typically use a limited 
number of LSI circuits designed as a CPU-I/O 
combination and sold together as a chip set. Because 
of the limited number of devices connected to the 
microprocessor I/O bus, memory devices can often 
be directly connected to the data ports without 
any buffering or isolation devices. Since the bus is 
generally local to the chip set, and does not leave 
the printed circuit board, it is not subject to the 
risks of backplane voltage shorts and potential 
device destruction. These systems can benefit from 
direct RAM connection to the I/O bus. Single 
board microprocessor systems that employ bidirec- 
tional I/O buses can benefit from non-latched 
output RAMs because the Data-in and Data-Out 
pins can be tied together. These small systems use 
small amounts of memory, however, and it is often 
contained on the CPU chip or integrated into an 
I/O device. The amount of external RAM memory, 
when used, seldom exceeds IK to 2K words and 
the 16K RAM will not find much usage in these 
small systems. 

Multiple Board Systems 

Larger microprocessor systems place the main 
RAM storage, or an expansion to the RAM storage, 
on separate printed .:r,:uh boards. All signals to 
and from the memo™ must then be buffered to 
present overloading c " the microprocessor I/O bus 
and to protect the our. purs (and inputs) of both the 
microprocessor ana ir-emcy devices from acciden- 
tal shorting to a supph voltage or to ground during 
troubleshooting and normal system maintenance/ 
repair. The effect of these buffers (see Figure 2) is 
to eliminate any need or advantage to tying the 
RAM data input and output together. 

It is in these larger systems that the 4K and 16K 
RAMs are most useful due to the size of the 
memory required. These systems normally use 
12K to 64 K bytes of memory and the density of 
the 16-pin RAMs is an asset. Common I/O RAM 
operation is not a factor in these systems. Besides, 
if common I/O is so important for RAMs in micro- 
processor systems, why does the RAM that is the 
most widely used in microprocessor systems today 
(the 2102) have separate I/O? 

ADVANTAGES OF THE LATCH 

There are a number of system advantages to the 
data-out latch on board the RAM. Some of the 
more important of these advantages are: 

1) Many small, non-microprocessor systems, 
especially those which run with long 
system cycle times (1 usee or more) need 



the data read from memory to be latched 
in order to minimize the clock or active 
time and minimize power dissipation. In 
these systems, the on-chip data latch is an 
asset because off-chip data latches increase 
the system power dissipation. Power dissi- 
pation for TTL data latches runs about 70 
mW per bit. For 16K by 8-bit memory that 
is 70 mW per 16K and is a constant DC 
power drain during active or standby cycles. 
The on-chip latch adds only 24m\V to the 
device power dissipation and only while the 
data output is active, not during standby. 

2) Off chip latches require more packages on 
the memory board. A 16-bit system will 
require four 1 6 pin packages or two 24 pin 
packages. These latches take up board 
space and add part, assembly, and mainten- 
ance costs to the system. 

3) Off chip latches also add to access time. 
The delay of an on chip latch is included in 
the access time for the device. Using an un- 
latched output device and adding external 
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Figure 2. Common I/O Configurations 
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latches adds typically about 20 nsec to 
system access time due to timing skew in 
the latch clock plus the latch propagation 
delay. 

4) An operational feature that is offered in 
latched output RAMs and is not available 
on unlatched output RAMs is the ability to 
perform a refresh cycle immediately follow- 
ing a data cycle without impacting the 
availability of output data. This "hidden" 
refresh cycle is possible with the latched 
output device because a RAS-only refresh 
cycle does not affect the data contained in 
the output latch. A typical timing diagram 
for the hidden refresh mode is shown in 
Figure 3. This mode of operation is not 
possible with the unlatched output devices 
unless external latches are added because 
the data output of the unlatched devices 
goes to the high impe dance state at the 
beginning of the RAS-only refresh cycle 
and is not available to the processor when 
required. This hidden refresh cycle feature 
of the 2116 and the latched output 4K 
RAMs can be used to advantage in many 
systems. 
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DISADVANTAGES OF THE LATCH 

There are also a number of potential system dis- 
advantages to the data out latch. These disadvantages 
are generally not practical limitations on system 
design due to other overriding considerations as 
discussed below: 

1) Systems designed with latched 1 6K's whose 
outputs are OR-tied must provide CAS to 
every device during every cycle in order to 
deselect devices selected on the previous 
cycle. Although non-latched devices Gan 
and do operate in this mode, this CAS de- 
select cycle is not required and CAS can 
be decoded and sent to the selected devices 
only. 

Since CAS occurs after RAS in a cycle, a 
cycle could be started with RAS to every 
device and CAS decoded during tRCL and 
appl ied only to the desired devices. Thus 
CAS is now like CS on the 16-pin 4K RAMs. 
This operation reduces access times by 
10ns when using a 74S138 decoder since 
the chip sele ct decode time is not required 
prior to RAS as it is with the latched output 
1 6K RAMs. The practical usefulness of this 
operational mode is limited since using 
CAS as a chip select means that the un- 
selected devices in a system dissipate power 
at a level only slight ly les s than the selected 
devices (See Table II RAS-only cycle power). 
This mode dissipates almost as much power 
as that dissipated when using CS in 4K RAMs 
for deselectioa (Which explains. why nobody 
used CS for device selection with the 4K). 

2) The Data-in and Data-Out pins may not be 
directly tied together and to a common I/O 
bus. This is a disadvantage only in single- 
board microprocessor systems and not in 
larger systems (refer to Figure 2). 



CPU 

CVCLE f\ 
REQ —A \— 



DATA REFRESH J\ 

CYCLE I CVCLE H 

ri r~ 



DATA HIGH IMPEDANCE 

OUT 



HIGH IMPEDANCE 



CPU STROBE 
DATA IN " 



I, Hirt.k-n Refr«h Dew, Wol Vluk wuh Unlatched Output Devic 



Figure 3. Hidden Refresh Cycle Operation 



WHICH NON-LATCHED 16K? 

All non-latched 16K's are not alike! In fact, none 
of them are alike. The three currently released 
designs all react differently during either read or 
write cycles. 

Data Output Control 

The data output is controlled by CAS in both the 
latched and non-latched devices and becomes valid 
at column access time (tCAC) after CAS goes low 
(active). The difference lies at the point in time at 
which the data out goes to the off (high-impedance) 
state. In the latche d ou tput case, data out goes to 
the off state after CAS goes low in the next cycle. 
In the non-latched outp ut case, data out goes to 
the off state after CAS goes high in the current 
cycle. 
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Figure 4. 2116 Data Output Operation 



Unlatched Device Output Characteristics 

Differences in characteristics of the outputs of 
non-latched devices are shown in Figure 5 for a 
read cycle. 
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it comes to a -x-ir; cycle the data-out charac- 
teristics of the 3 suppliers are different from each 
o:;.ir (see Figure 6). So why would anyone care 
what the output is doing during a write cycle? In- 
coming test programs and device qualification test- 
ing must account for these differences. Also, since 
tin- device outputs are connected to an I/O bus of 
some sort, the designer must consider the output 
operational characteristics to assure compatibility 
with the bus. 
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None of the above differences by itself is hard to 
handle but it can be troublesome to have to account 
for all conditions especially in testing and qualifying 
the devices. 



CAS AS A CHIP SELECT 

During the discussion of the disadvantages of a 
data out latch, the use of CAS as a chip select sig- 
nal was mentioned briefly. The system parameters 
affected by this use of CAS are access speed, power 
dissipation, and page mode. 

Access Speed 

Deco ding the chip select address bits and gating 
CAS only to the selected devices reduces access 
times by about 10 nanoseconds compared to gating 
RAS as the chip select signal. 

Power Dissipation 



Using CAS as the chip select signal mea ns tha t the 
unselected devices in a system dissipate RAS-only 
power levels while the selected devices dissipate 
full power levels. 

What does tha t me an in a 128K x 8- bit s ystem? De- 
coding only CAS and supplying RAS to all 64 
devices means one row of devices would dissipate 
norm al power while seven rows would dissipate 
RAS-only power levels during each cycle. The 
128K by 8-bit system (8 rows of 16 devices) will 
dissipate 23.0 Watts in this mode. 



Deco ding only RAS as chip select and supplying 
CAS to every device does add slightly to acce r 
time (about 10 nsec) but it also means only a 
devices of the 64 in our example system would be 
active in any given cycle while the other 56 devices 
would remain in refresh/standby. The same 128K x 
8-bit system will dissipate 5.2 Watts in this mode. 
(See Table IV). 



Table IV. Power Considerations for 128K x 8-bit System 
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Figure 6. Unlatched Device Output Operation 
is Different During Write Cycles 


Power Dissipa- 
tion 


5.2 Watts 


23.0 Watts 
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Page Mode 



SUMMARY 



In the non-latched RAM, CAS used as a chip select 
signal allows extension of the page mode boundary 
beyond 1 28 da ta cells. This is accomplished by 
supp lying RAS to all the devices in a system and 
CAS to the selected devices extending the boundary 
to include the selected row in all of the RAMs in 
the system. This operation is valid but there are 
some practical restrictions on its usefulness. 

Extension of the page mode boundary again 
requires activating all the devices in the system 
rather than just one row of devices. The increase 
in power dissipation incurred makes this mode of 
operation rather undesirable as previously dis- 
cussed. In addition, the refresh requirements of the 
devices limits the number of consecutive page 
mode cycles to less than the 128 available from 
one ro w of one device. Remember that refresh 
requires RAS to be cycled to refresh a row of cells 
every 15.5 microseconds with the 128 refresh cycle 
mode and 3 1 m icroseconds with the 2116 in its 
CAS-before-RAS 64 cycle refresh mode. Why 
activate all of the RAMs in the system when you 
can't even cycle through all the locations in one 
re • of one RAM in ^ single page mode cycle? 



The goals for the 2116 16K RAM, increased bit 
density while maintaining performance and func- 
tional compatibility with the 16-pin 4K RAMs, 
have been achieved. This compatibility is a boon 
to the users since no new learning curve is needed 
when upgrading tq the 16K RAM. 

While there are differences in the announced 16K; 
RAMs, these differences are slight when compared 
to the differences between the proliferation of 4K 
RAMs. By including TTL data out latches in the 
board design and using 128 cycle refresh, the 
designer can accommodate any of the 16-pin 16K 
devices. 

For those users who wish to maintain the through- 
put rate of the 4K devices, the 64 cycle refresh 
mode of the Intel 21 16 is ideal. The on board data 
out latch of the 2116 is a definite asset to those 
users with restrictive board space limitations. In 
extremely cost sensitive applications, the 2116's 
data out latch not only eliminates the need for 
external TTL latches but also reduces system 
power dissipation thereby reducing power supply 
and cooling costs. 
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TWX: 910-749-8412 

MARYLAND 

Glen White Associates 
57 West Timonium Road 
Timonium 21093 
Tel: (301) 252-7742 

Intel Corp.* 

57 West Timonium Road 
Suite 307 
Timonium 21093 
Tel: (301) 252-7742 
TWX: 710-232-1807 

MASSACHUSETTS 

in:el Corp.* 

187 Biilerica Road, Suits 14A 
Cnalmsford 01824 
7e!: (617) 256-4131 
TWX; 710-343-6333 



MICHIGAN 

Intel Corp. 

725 South Adams Road 
Suite 288 
Birmingham 48011 
Tel: (313) 642-7018 
TWX: 910-420-1212 
TELEX: 231143 

MINNESOTA 

Intel Corp. 

675 Soulhgate Otfice Plaza 
5001 West 80th Street 
Bloomington 55437 
Tel: (612) 835-6722 
TWX 910-576-2867 

MISSOURI 

Technical Representatives, Inc. 

Trade Center Bldg. 

300 Brookes Driva. Suite 108 

Harelwood 6'JQ42 

Tel: (314) 731-5200 

TWX: 910-762-0818 

NEW JERSEY 

Intel Corp. 
2 Kilmer Road 
Edison 08B17 
Tel. (201) 985-9100 
TWX: 710-4B0-6238 

NEW YORK 

Intel Corp.* 

6901 Jericho Turnpike 

Syosset 11791 

Tel: (516) 364-9860 

TWX: 510-221-2193 

Intel Corp. 

474 Thurston Road 

Rochester, N.Y. 14619 

Tel: (716) 32B-7340 

TWX. 510-253-3641 



NEW YORK (corn.) 

T-Squared 

3522 James Street 

Syracuse 13206 

Tel: (315) 463-B592 

TWX: 710 54 1-0554 

T-Squared » 

640 Craig Road 

P.O. Box W 

Pittsjford 14534 

Tel: (716) 381-2551 

TELEX: 97-8289 

Intel Corp. 

55 Market Street 

Poughkeepsie, New York 12601 

Tel: (914) 473-2303 

TWX: 510-243-0060 

NORTH CAROLINA 

Glen White Associates 
913 Plateau Lane 
Raleigh 27609 
Tel: [919) 876-5617 

OHIO 

Intel Corp.* 

8312 North Main Street 

Dayton 45415 

Tel: (513) B90-5350 

TELEX: 288-004 

Intel Corp.* 

26250 Euclid Ave. 

Suite 531F 

Euclid 44132 

Tel: (216) 289-0101 

PENNSYLVANIA 

Intel Corp/ 
520 Pennsylvania Ave. 
Fort Washington 59034 
Tel: (215) 542-9444 
TWX: 510-661-0709 



EUROPEAN MARKETING OFFICES 
3ELGIUM FRANCE 

international* Intel Corporation, S.A.R.L.* 

-_e du Moulin a Pap.-?-- 74, Rue D'Arcuei! 

?oite 1 Si lie 223 



ISO Brussels 
(02) 660 30 10 
TELEX: 24814 



9*528 Rungis Cedex 

i01) 687 22 21 
7HLEX: 270475 



SCANDINAVIA 

Intel Scandinavia A/S* 

Lyngbyve] 32 2nd Floor 

DK-2I0Q Copenhagen East 

Denmark 

Tel: (01) 18 20 00 

TELEX: 19567 

Jntef Sweden AB* 

Box 86 

S-16212 Valtingby 1 
Sweden 

Tel: (08) 37 53 70 
TELEX: 13164 (ABCENT) 



ENGLAND 

Intel Corporation (U.K.) Ltd.* 

Broadtield House 

4 Between Towns Road 

Cowley, Oxford OX4 3NB 

Tel: (0B65) 77 14 31 

TELEX: 837203 

Intel Corporation (U.K.) Ltd. 

46-50 Beam Street 

Nantwich. Cheshire CWs 5LJ 

Tel: (0270) 62 65 60 

TELEX: 36620 



ORIENT MARKETING OFFICES 



JAPAN 

Intel Japan Corporation* 

Flower Hill-Shinmachi East Bldg. 

1-23-9, Shinmachi, Setagaya-ku 

Tokyo 1 54 

Tel: (03)426-9281 

TELEX: 781-28426 



KONG KONG 
01 (Far East) Ltd 

Tak Yart Commercial Bldg. 6th floor 

30-32 D'AguMar Street. Central 

Hong Kong 

Tel: 5-2«031t 

TELEX: 33138 JADE HX 



TAIWAN 

Taiwan Automation Co.* 
6lh Floor, 18-1, Lane 14 
Chi-Lin Road 
Taipei 

Tel: (02) 551726-9 
TELEX: 11942 TAIAUTO 



TAIWAN (coot.) 

Asionics-Taiwan, Inc. 

205 Pa-Teh Road, Section 4 

Taipei 

Tel: 75 55 82 

TELEX: 22158 Asionics 



INTERNATIONAL DISTRIBUTORS 

AUSTRALIA 

A. J. Ferguson (Adelaide) PTY, Ltd. 
44 Prospect Rd. 
Prospect 5082 
South Australia 
Tel: 269-1244 
TELEX: S2635 

Warburton O'Donneli Limited 
372 Eastern Vallsy Way 
Chatswood, N.S.W. 2067 
Tel: 407 3261 

TELEX: WAR FRAN AA 21299 



AUSTRIA 

Bacher Elektronisch* Geraie GmbH 

Meidlinger Hauptstrasse 78 

A 1120 Vienna 

Tel: (0222) B3 63 96 

TELEX: (01) 1532 

BELGIUM 

!neico Belgium S.A. 
Avenue Val Duchesae, 3 
B-1160 Brussels 
Tel: (02) 560 00 12 
TELEX: 25441 

DENMARK 

Scandinavian Semiconductor 
Supply A/S 
Nannasgadfl 18 
DK-2203 Copenhagen N 
Tel: (01) 93 50 90 
TELEX^ 19037 



FINLAND 

Oy Fintronic AB 
Loernrotinkatu 35D 
SF 00180 
Helsinki 1Q 
Tel: (90) 664 451 
TELEX: 12426 



FRANCE 

Teke.'ec Airtron.'c 
Cite des Bruyeres 
Rue Carte Vernet 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 250997 

GERMANY 

Alfred Neye Enatachnik GmbH 

Schllierstrasse 14 

D-2085 Ouickborn-Hamburg 

Tel: (04106) 6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 

Nsumarketer Strasse 75 

D-8000 Muenchen B0 

Tel: (089! 434061 

TELEX: 48442G 

Jermyn GmbH 

Postfach 1146 

D-6277 Kambercj 

Tel: (06434) 6005 

TELEX. 484426 



HONG KONG 

ASTEC International 
Keystone House. 2nd Floor 
Hankow Road, Kowloon 
Tel: 3-687760 
TELEX: 74899 ASCOM 

ISRAEL 

Eastronics Ltd.* 
11 Rozanis Slreet 
P.O. Box 39300 

Tel-Aviv 
Tel: 475151 
TELEX: 33638 

ITALY 

Eledra 3S S.P.A.* 
Viale E/vezia. 18 
20154 Milan, 
Tel: (02) 3493041 
TELEX: 39332 
Eledra 3S S.P.A.* 
Via Paolo Gaidano. 141 D 
10137 Torino 

TEL: (011) 30 97 097-30 97 114 

Eledra 3S S.P.A.* 

Via Giuseppe Valmarana, 63 

00139 Rome, Italy 

Tel: (06) 81 27 290 - B1 27 324 

TELEX: 63051 

JAPAN 

Pan Electron 
No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel (045) 471-88U 
TELEX: 781-4773 



JAPAN (cont.) 

Ryoyo Electric Corp. 
Konwa Bldg. 

1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 
Tel: (03) 543-7711 

NETHERLANDS 

Inelco Nedertand 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 

NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 
N-Oslo 2 

Tel: (02) 55 36 93 
TELEX: 16963 

SOUTH AFRICA 

Electronic Building Elements 

P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 

SPAIN 

Interface 

Ronda San Pedro 22 
Barcelona 10 
Tel: 301 7B 51 



TENNESSEE 

Glen Wrtita Associates 
206 Chickasaw Drive 
Johnson City 37601 
Tel: (615) 928-0184 

TEXAS 

Evans & Mc-QowaU Associates 

13777 N. Central Expressway 

Suite 405 

Dallas 75231 

Tel: (214) 236 7157 

TWX: 910-857-4763 ~ 

Evans & McDowell Associates 

6610 Harwin Avenue, Suite 125 

Houston 77036 

Tel; (713) 783-2900 

Intel Corp.* 

6350 L.B.J. Freeway 

Suite 173 

Dallas 75240 

Tel: (214) GS1-B829 

TWX: 91 0-860-5487 

VIRGINIA 

Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 846-4624 

WASHINGTON 

E.S. /Chase Co. 
P.O. Box B0903 
Seattle 98108 
Tel: (206) 762-4824 
Twx: 910-444-2298 



CANADA 

Intel Corp. 

70 Chamberlain Ave. 
Ottawa, Ontario KlS 1V9 
Tel: (613) 232-8576 
TELEX: Q53-4419 
Multilek, Inc. 
4 Barren Street 
Ottawa. Ontario K2J IG2 
Tel: (613) B25-4553 
TELEX: 053-4585 



GERMANY 

Intel Semiconductor GmbH' 

Seidlstraase 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 

Intel Semiconductor GmbH 

D-6272 Niedernhausen 

Wiesenweg 26 

Tel: (06127) 2314 

TELEX: 04186183 

Intel Semiconductor GmbH 

D-7000 Stuttgart BO 

Ernsthaldenstrasse 17 

Tel; (0711} 7351503 

TELEX: 7255346 



SWEDEN 

N'ordisk Electronik AB 
Pack 

S-10380 Stockholm 7 
Tel: (OS) 2483J0 
TELEX: 10547 
SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
Postcheck 80- 21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX: 567B3 

UNITED KINGDOM 

Rapid Recall, Ltd. 

11-15 Betterton Street 

Drury Lane 

London WC2H 9BS 

Tel: (01) 379-5741 

TELEX: 28752 

G.E.C. Semiconductors Ltd. 

East Lane 

Wembley HA9 7PP 

Middlesex 

Tel: (01) 904-9303 

TELEX: 923429 

Jermyn Industries 

Vestry Estate 

Sevenoaks, Kent. 

Tel: (0732) 50144 

TELEX: 95142 



♦Field Application Location 



C 



intgT 

U.S. AND CANADIAN DISTRIBUTORS 

3065 Bowers Avenue 
Santa Claia, California 95051 
Tel: (408) 246 7501 
TWX: 910-338-0026 
TELEX: 34-6372 

U.S. AND CANADIAN DISTRIBUTORS 



ALABAMA 

1 Hamilton/Avnet Electronics 
805 Osei Drive NW 
Huntsville 35B05 
Tel: (205) 533-1170 

ARIZONA 

Hamilton/Avnet Electronics 
2615 South 21st Street 
Phoenix 85034 
Tel: (602) 275-7B51 
Liberty/Arizona 
3130 N. 27th Avenue 
Phoenix 85107 
Tel: (602) 257-1272 
TELEX: 910-951-42B2 

CALIFORNIA 

IHamiHcn/Avnet Electronics 

575 E. Middlelreld Road 

Mountain view 94040 

Tel: (415) 961-7000 

(Hamilton/Avnet Electronics 

6917 Complex Drive 

San Diego 92123 

Tel: (714) 279-2421 

(Hamilton Electro Sales 

10912 W. Washington Boulevard 

Culver City 90230 

Tel: (213) 558-2121 

(Cramer/San Francisco 

720 Palomar Avenue 

Sunnyvale 94086 

Tel: (406) 739-3011 

(Cramer/Los Angeles 

1720 Daimler Street 

Irvine 92705 

Tel: (714) 979-3000 

(Liberty Electronics 

124 Maryland Street 

El Segundo 90245 

Tel: (213) 322-8100 

Tel: (714) 638-7601 

TWX: 910-348-7140 

Liberty/San Diego 

6248 Mercury Court 

San Diego 92111 

Tel: (714) 565-9171 

TELEX: 910-335-1590 

Elmar Electronics 

2288 Charleston Road 

Mountain View 94040 

Tel: (415) 961-3611 

TELEX: 910-37S-6437 

COLORADO 

Cramer/Denver 

5465 E. Evans PI. at Hudson 

Denver 80222 

Tel: (303) 758-2100 

Elmar/Denver 

6777 E. 50th Avenue 

Commerce Cily 80022 

Tel: (303) 287-9611 

TWX: 910-936-0770 

(Hamilton/Avnet Electronics 

5921 No. Broadway 

Denver 80216 

Tel: (303) 534-1212 

CONNECTICUT 

C ramer/Connecticut 
35 Dodge Avenue 
North Haven 06473 
Tel: (203) 239-5641 
Hamilton/Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 

FLORIDA 

Cramer/E.W. Hollywood 
4035 No. 29th Avenue 
Hollywood 33O20 
Tel: (305) 923-8181 
tHamillon/Avnet Electronics 
680 Northwest 20th Ave. 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
ICramer/EW Orlando 
345 No. Graham Ave. 
Orlando 32S14 
Tel: (305) 894-1511 

GEORGIA 

Cramer/EW Atlanta 

3923 Oakclifl Industrial Center 

Atlanta 30340 

Tel: (404) 448-9050 

Hamilton/Avnet Electronics 

6700 I 85, Access Road, Suite 28 

Norcross 30071 

Tel: (404) 448-0800 



ILLINOIS 

I Cramer/Chicago 
191 1 So. Busse Rd. 
Mt. Prospect 60056 
Tel: (312) 593-8230 
(Hamillon/Avnet Electronics 
3901 No. 25th Ave. 
Schiller Park 60176 
Tel: (312) 678-6310 

INDIANA 

Pioneer/Indiana 
6408 Caslleplace Drive 
Indianapolis 46250 
Tel: (317) B49-7300 
Sheridan Sales Co. 
8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 

KANSAS 

Hamilton/Avnet Electronics 
37 Lenexa Industrial Center 
9900 Pflumm Road 
Lenexa 6621 5 
Tel: (913)668-8900 

MARYLAND 

Cramer/EW Baltimore 
7235 Standard Drive 
Hsnover21076 
Tel: (301) 796-5790 
(Cramer/EW Washington 
16021 Industrial Drive 
Gaithersburg 20760 
Tel: (301)946-0110 
(Hamilton/Avnet Electronics 
7235 Standard Drivo 
Hanover 21076 
Tel: (301) 796-5000 
Pioneer /Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: 1301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 

(Cramer Electronics Inc. 
85 Wells Avenue 
Newton 02159 
Tel: 1617) 969-77G0 
(Hamilton/Avnet Electronics 
100 E. Commerce Way 
Woburn 01601 
Tel: (617)933-8000 

MICHIGAN 

Sheridan Sales Co. 
24543 Indoplex Drive 
Farminoton Hills 48024 
Tel: (313) 477-3800 
(Pioneer/Michigan 
13435 Stamford 
Livonia 48150 
Tel: (313) 729-8500 
(Hamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel: (313) 522-4 700 
TWX: 810-242-8775 

MINNESOTA 

■(Industrial Components 

5280 West 74th Street 

Minneapolis 55435 

Tel: (612) 831-2666 

Cramer/Bonn 

7275 Bush Lake Road 

Edina 55435 

Tel: (612) 835-7811 

(Hamilton/Avnet Electronics 

7683 Washington Avenue So. 

Edina 55435 

Tel: (612) 941-3801 

MISSOURI 

(Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood 63042 
Tel: (314) 731-1144 

NEW JERSEY 

Cramer/Pennsvlvania, Inc. 

12 Sprinqdale Road 

Cherry Hill Industrial Center 

Cherry Hill 08003 

Tel: (609) 424-5993 

TWX: 710-896-0908 

I Hamilton/Avnet Electronics 

218 Little Falls Road 

Cedar Grove 07D09 

Tel: (2OD239-0BO0 

TWX: 710-994-5787 

Cramer/New Jersey 

No. 1 Barrett Avenue 

Moonachie 07074 

Tel: (201) 935-5600 



NEW JERSEY (cont.) 

(Hamilton/Avnet Electronics 

113 Gailher Drive 

Easl Gate Industrial Park 

ML Laurel 08057 

Tel: (609) 234-2133 

TWX: 710-897-1405 

NEW MEXICO 

Hamilton/Avnet Electronics 
2450 Baylor Drive, S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 
Cramer/Nerv Mexico 
137 Vermont, N.E. 
Albuquerque 87108 
Tel: (505) 265-5767 

NEW YORK 

Cramer/Rochester 

3000 Winton Road South 

Rochester 14623 

Tel: (716) 275-0300 

(Hamiiton/Avnet Electronics 

167 Clay Road 

Rochester 14623 

Tel: (716) 442-7820 

*C:amer/Syracuse 

6716 Joy Road 

East Syracuse 13057 

Tel: (315) 437-6671 

(Hamilton/Avnet Electronics 

6500 Joy Road 

E. Syracuse 13057 

Tel . (315) 437-2642 

I Cramer/Long Island 

29 Gser Avenue 

Hauppauge, L.I. 1 1787 

Tel: (516) 231-5600 

TWX: 510-227-9863 

( Hamilton/Avnet Electronics 

70 State Street 

Weslbuty, L.I. 11590 

Tel: (516) 333-5800 

TWX: 510-222-6237 

NORTH CAROLINA 

Cramer Electronics 
938 Burke Street 
Winston-Salem 27102 

Tel: (919) 725-6711 

Pioneer/Carolina 
2906 Bailie Avenue 
Greensboro 27406 
Tel: (919) 273-4441 
TWX: 510-925-1114 

OHIO 

(Hamilton/Avnet Electronics 

118 Weslpark Road 

Daylon 4 5459 

Tel: (513)433-0610 

TWX: 810-450-2531 

(Pioneer/Dayton 

1900 Troy Street 

Dayton 45404 

Tel: (513) 236-9900 

I Sheridan Sales Co. 

10 Knollcrest Drive 

Cincinnati 45222 

Tel: (513) 761-5432 

TWX: 810-461-2670 

(Pioneer/Cleveland 

4800 E. 131st Street 

Cleveland 44105 

Tel: (216) 587-3600 

(Hamilton/Avnet Electronics 

761 Beta Drive 

Cleveland 44143 

Tel: (216) 461-1400 

Sheridan Sales Co. 

23224 Commerce Park Road 

Beachwood 44122 

Tel: (216) 831-0130 

Sheridan Sales Co. 

Shrloh Building, Suite 250 

5045 North Main Street 

Dayton 45405 

Tel: (513) 277-8911 
OKLAHOMA 

Components Specialties, Inc. 

7920 E. 401h Street 

Tulsa 74145 

Tel: (91B) 664-2820 

OREGON 

Almac/Stroum Electronics 
4475 S.W. Scholls Ferry Rd. 
Portland 97225 
Tel: (503) 292-3534 

PENNSYLVANIA 

Sheridan Sales Co. 

1717 Penn Avenue, Suite 5009 

Pittsburgh 15221 

Tel: (412) 244-1640 

Pioneer/Pittsburgh 

560 Alpha Drive 

Piltsburgh 15238 

Tel: (412) 782-2300 



PENNSYLVANIA (cont) 

Picneer/Delaware 
203 Witmer Road 
Horsham 19044 
Tel: (215) 674-5710 . 
TWX: 510-665-6778 

TEXAS 

CramerElectronics 

"3740 Midway Road 

Dallas 75240 

Tel: (214) 661-9300 

1 Hamilton/Avnet Electronics 

4445 Sigma Road 

Dallas 75240 

Tel: (214) 661-8661 

(Hamilton/Avnet Electronics 

1216 W. Clay 

Houston 77019 

Tel: (713) 526-4661 

Component Specialties, Inc. 

10907 Shady Trail, Suite 101 

Dallas 75220 

Tel: (214) 357-6511 

i Component Specialties, Inc. 

7213 Ashcroft Street 

HoLSlon 77038 

Tel: (713) 771-7237 

UTAH 

-■r.rr Ton/Avnet Electronics 
c-7 /. Brilinis Road 
Sa '. Lake City 84119 
:c: 'CI) 262-8451 

WASHINGTON 

---r!~ ?■ 'Avnet Electronics 

>^ J ; -'?t-.u:o Way 
-~ t.jf SE005 
•e: 746-6750 

--. J .c Sl-cum Electronics 
.-i. ■ - i Ave. South 
Cat.--- ?=13S 
t>.- <orjc. 753.2300 



CANADA 

ALSERTA 

L A Varah Ltd. 

4 742 14th Street N.E. 

Caiosry T2E 6LT 

Tel: (403) 276-8818 

Telex: 13 825 a9 77 

BRITISH COLUMBIA 

(L A. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y 1C4 
Tel: (604) 873-3211 
TWX: 610-929-1068 
Telex: 04 53167 

ONTARIO 

Hamilton/Avnet Electronics 
6291-16 Dorman Road 
MississaugaL4V 1H2 
Tel: (416) 677-7432 
TWX: 610-492-8867 
Hamilton/Avnet Electronics 
1735 Courtwood Cresc. 
Ottawa K2C 2B4 
Tel: (613) 226-1700 
TWX: 610 562-1906 
Zenlronics 

141 Catherine Street 
Ottawa, Ontario K2P 1C3 
Tel: (613) 238-6411 
Zenlronics 

185 Bridgeland Avenue 
Toronto, Onlario M6A 1Z3 
Tel: (416) 787-1271 
Telex: 02-021694 

QUEBEC 

(Hamilton/Avnet Electronics 

2670 Paulus 

St. Laurent H4S 1G2 

Tel: (514) 331-6443 

TWX: 610-421-3731 

Zenlronics 

8146 Monlview Road 

Town of Mount Royal. Worhesl 

Quebec H4P 2L7 

Tel: (514) 735-5361 

le'ex: 05-827535 

MANITOBA 

L A Varah Lid. 
1:>3 Corbett Drive 
Winnipeg R2Y TV4 
Tel. I204| 689-S607 
L. A. Varah. Ltd. 
1832 Kino Edward Slrect 
Winnipeg R2R ONI 
Tel: 1204! 633-6190 
Telex: 07-55365 



( Intellect* Development 
System Centers 
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INTEL CORPORATIOM, 3065 Bowers Avenue, Santa Clara, CA 95051 (403) 246 7501 
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